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MEMORANDUM_ REPORT

for the
Army Alr Forces, Materiel nommand
and the

Bureau of -Aeronasutics, Navy Devnartment

- SELECTION OF OIL COOLERS TH AVOID CONGEALING

g By Dennis J. Martin
STUMM¥ARY
Many different oil coolers may be selected to dissipate

any required amount of heat. The »pressure drops and rates

of alr flow are readily determined from commerclal data.
However, there are thres additional factors which are of
vital importarnce:

1l. Congesling tendency of the cooler

2. . Power cost chargzeable to the installation

3. Performance characteristics of the o1l cooler 4in

operation at altitude

The congesaling tendencies of oil coolers rark in }mpbr-
.tance with nressure drop, power. for z2o00lling, and the dimen- -
slions of the unlt. The zongealing tendenclies can be im-
proved by selecting a unit of adequate size and then con=- -
trolling the cooling by limiting the air flow.

This naper ovresents a method for (1) selscting an oil
cooler.which will dlssipete the rejqulred amount of heat,
(2) for determining its freezing tendeney, (3) for calculating
the power cost, and (L) for investlgating the performance

characteristigs at any altitude.
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INTRODUCTION

The selection and installation of an oil cooler to dis-
sipate the required heat without congealing tendencies at an -
acceptable power cost has always been a troublesome nroblem.
As the operating altitude and the veloclty of alrplanes have
increased, the range of pressure drop avallable for coolling
and the entrance alr temperature hsve vuried in such a munner
that the congeualling tendenclies of oil coolers have been
greatly aggravated. Also the increases in speed of new types
of aircraft have nut a premium on installations having optimum
sizes of cil coolers, Careful seclection of an o0ll cooler 1s
imperative to give satisfactory operation wunder all flight
condltlions,

The selectlion of the dimenslions of any heat exchuanger

always involves a compromise among several quantities: pro-

portions, power for cooling, pressure drop, etc. The problem

of selectingan ethylecne glycol or water radiator is one of
finding the dlmensions vhilch willl dissipate the heat with the
pressure drop avallable over the ultltude range of operatlion
at the =mallest nowe:i cost, Oll-conler selection presents
the additional nroblem of so selecting the dimenslons and
pressure drops that the cooler will be as free as practicable from
congealing tendencles.

The nresent analysis 1s submitted 1n order to show what
conditions must be satisfied to selsct an oll cooler which

will give satlsfactory operation under all flight conditions,
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Mppendices are included which present selection charts and

selection forms for oll coolers.

A
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SYMBOLS
total frontal area of cooler, square. feet
area between baffles, perpendicular to oil.
flow, square feet
baffling constant determined from oil-cooler -data
specific heat at constant pressure, 3tu per pound

per °F

qi,ca,ch enpirical numerical constants

cD/cL ratio of drag coefficlent to 1ift coefficient of

alrplane

diameter of cooler, feet

hydraulic dlameter of nassage, feet

ratio of open area to total area

acceleration due to gravity, feet per leéond per
second

coeffliclent of heat tranafer, 3tu per second per
square foot per °F

rate of heat dissipation, Btu per second . .

heat transferredper 100° temnerature difference .
between average oil and entering air |

thermal conductivity, 3tu per.second per square
foot per °i" per foat .

constant, seconds per foot=pound .




length of air passage, feet .

number of tubes per square foot of frontal area:f'

absolute pressure, pounds per square foot

pressure d*op, pounds per square foot

power, foot-pounds per second

pumping power, foot-nounds per second

power to carry the oll cooler and supperta

' fcoﬁstanc.winé loading), foot=-pounds pef second

qﬁenticy of air fiow, cubic.feet per secodd

ratio of the thermal resistance on the oll side to the;W
thermal resistance on the alr side |

effective coolinb surface per unit length of tube,
square feet per font per tube

effective coollng surfece, square'feey

temperature, °F

temnerature of tube wali; °p

chenge in teﬁperatﬁre, Op

temperature difference between entering oil and inlet
air, op

volume, cublc feet

speed of alrplane, feet per second

weight flow, nounds per second

empirical numerical exponents o

multiplylng factor to account for weight of oll cooler '

mounting and supports




mean effective temperatﬁre difference between oil and
cooling air divided by ATi
duct puﬁping efficlenny, useful power divided by drag .
power | | .
"ooefficient of absolute viscosity, slugs per foot- ._#fﬁJ
second . ,
change in temperature of air divided by ATi
change 1n temperature of oil divided by ATi
density, slugs per cublc foot _
weight density of oll cooler, pounds per cubiec fbof' -ﬁf’
By BasPorPy ' sPah Fo! constants
SURBRSCRIPTS
cooling air
initial
oil

. to?al
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ANALYSIS

Heat-transfer units,in general, involve two flulds and
& dividin; surface.. When heat 18 beinz transferred from one

fluld to another, there is a resistance to heat t#ansfer

l/htst' The total resistance to the flow of heat 1s the sum

of the resistances of the two flulds and the dlviding plate.




. In most cases the dlvidihg%piate is %éry thin and its reﬁis?
tance may be neglected. For an oil cooler, we may then
write’
1/he8t-= 1/haSye + 1/hgS, c '
Tn othyleone glycol or water'raéiators, the thermal
- resistance on' the 1liquld side 1s nogligible.. In o1l
coolers, however, the thermal resistance on the liquid side
1/M,S, is much larger then 1n coolant radiators and under
certain cond!tions may become equal fo or aven greater than
the thermel rosistance on the air side 1/hgSg.
" ‘Bectwss the nhvslcal pronértles of aviation lubri-
. cating-0ils, chiefly viscosity, denend very atrongly on
their temperatures, thae prediction of oil-cooler perform-
.. ahce 1s difficult. It is known that the oil tends to cone
geal near the tubes when the thermal resistance on the oill
si@e 1s a large part of the total resistanée, as occurs when

the mass flow of oil 1s small, when the tube spacing 1is '

large, or when the oll side is not closely baffled. Iifr thé

thermal resistance on the oil side is a small part of the
total, the tube-wall temperature.is near that of the oil

at the center of the passage. The temperature gradienﬁ 1s.
similar to that shown in figure 1{a). As the thermal re-
- slstance on the oil side 1ncfease§, ‘the tube-wall tempera-

ture falls and the viscosity of the oll near the tube wall




inocreases ranidly as in figure 1(b). If the temperature of
the tube wall decreases sufficizntly the oll near the tube wall
becormen very visconus and forms a layer which literally freezes
onto the tublng. This reduczes the effective hydrauliec dla-
meter ol the passape and increases the oil pressurc dron.
This congealed layer acts as an insulating film which »revents
the oil from performing 1ts cooling function,

Flguros 2, 3, )y, and 5 present typicel test data telen
at the Haval Aircraft Factory, Piiladelphia. (See reference 1.)
In figures 2 and % 1t wlll bte noted thot, as the cooling air
temperature is reduced viile the o0ll and alr flows are main-
tainod constant, an alr temperature is ultimately reached where
the heat dlssipation decrcases end the oll pressure drop
increases until the bypass valve opens. In figure L, the welght
rate of flow of alr 1s varied *nile the inlet air temmerature
and mess low of oll are maintained constant. As the air flow
1s Increased, a value 1s reached where the heat dissination
decreascs and the oll »ressure arop increases prscinitantly.
In figure 5, the heat dissivation is shown as s function of

inlet oil tommerature. TIn thls case, as the inlet c¢il

temverature is decreased a tempercture 1s agaln reached vhere

the heat dissinaticn beglns to fall off.

1/h,5
The thermal recistance ratlo, 44;2_9, has been caleculated

1/hgSq
for a number of points. From the approximate relation,




 the tube-wall temperature at the point where heat transfer

takes place between entering air and exit oil has been
calculated and 1s plotted on the curves »f figures 2, 3,

L, and 5. Similar analysis for a number of coolers in-
dicates that congealing becomes possible for the grade of oill
used when the tube wall falls below a terperature of approxi=-
mately 100°F, 4 cooler should be selected with the tube-
wall temperature always well above dan~aer temperatufe.

It must be obvious that this criterion of congeeling
tendencies is much too simple to be used in a general case
because other factors such as oil viscosity index, inlet oil
temperature, and oil flow which were maintained in a limited
range for the available test data are also important factors
in determining the safe limiting value for the tube-wall
temperature.

This anulysls has been carried as far as possible
wlthout further information, where a large range of oll
temperatures, oil flows, and viscosities ‘has been used
in heat-dissipation measurements on o0il coolers. Such
data might allow a correlation to be made which would
permit a more general and more useful criterion of congeal-

ing tendencies.
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By use of the appendir, figure 6 has been prepared for

en oll cooler to dissipate 100 horseopower. Here the absclasa
1s weight flow of air vhile the ordinate refers to the
various curves plotted. Curves showing pressure drop, pover
cost for conling, frontal arca, and tuvbe-wall temperature are
plotted on this figure. It is at once apparcnt from this
figure that large oil coolers and small c¢noling air flow

are favorsble both for total power consumption and congealing
tendencies. In orcer to sec the picture of cil-cooler
selection and operating characteristics with altitude, a set
of three-dimensji~nal charts has been prepared on the axes of
frontal area and altitude of figures 7, 8, 9, and 10. Here
the effect of altitude and frontal area on powef consumption,
weight flow of alr, pressure drop, and tube-wall temperature
is shown.

A study of theso three-dimensicnal illustrations reveals
several interesting points. As the altitude is increased
with a given oll cooler, the weight flow of air must be re-
duced to dissipate the same amount of heat and to avoid con-
gealing. If the air flow is held to the proper value to
dissipate the heat, the maximum altitude is the critical
altitude for the selection of an oil conler with safe cone

gealing tendencies. An oll cooler selected with a safe
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tube-wall temperature at the maximum al titude should experi-
ence no congealing trovbles at lower altiltudes. For the ex=-
emnle selected in the appendix, a4 conler selected near minimum
power has resonable freezing tendencies at altitude.
CONCLUSION
The results of this analysis of oll-cooler pesrformance

indicate that an 211 cooler szlected upon the bLasis of using

the total pressure drop available wilil be small, will re-

quire excessive power expendlture, and may have very bed

congealing tendencies. ~Although Lt might ssem most logical

to nick the smallest conler which will dissipate the heat
using what pressure drop there 1s aveilable, in most cases

the uvse of a larger cooler and & smaller pressure drop with
good control over the alr flow would consume less total power,
would be less likely to congesl, and would require a smaller
mass flow of air. The advantages of a larger oll cooler are
reallzed only when carsful control of the air flow is main-
talned.

As an exampls assume 7O pounds per square foot pressure
drop is avallable in climb at 30,000 feet. fin oll cooler
using all the pressure drop avallable maj be selectled.

From figure ?, A, 1s fourd to be 0.£2 square foot. From
figures 7, 3, and 10: g = 5.7 pounds per second, Tw = 99°F,
and Pt = 30 horsepower., This cooler would very likely con-
gesal.
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However, if only 30 pounds per square foot pressure drop

1s used, from figure 95 Ag = 1.16 square feet. Agaln from
figures 7,8, and 10: Wa = L.3 pounds per second, TW = 111°F,

and P, = 14,2 horsepowar, This arrangement would have much

better freezing tendencies and would consume less than helf

the total power used by a cooler using all the pressure drop
available,

Langley Memorial Aeronautical Laboratary,
National Advisory Committee for Aeronautics,
Langley Field, Va., July 2, 1943.
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APPENDIX I
DERIVATION OF THE OIL~COOLER EQUATIONS

In referonce 2, a generalized selection chart for.

coolant radiators was presented.. In raference 3, general-

ized equations for selection charts for heat exchangers in
alrcraft were derived. Selection charts for any type of
heat exchanger can be constructed from these equations. 1In
reference |, generalized selection charts f&r alr-to-air
intercoolers were constructed. In this psaper a generallzed
selection chart for oil coolers is presented. A generalized
selection chart 1s veluable in that, siuce it gives a picture
of the rclations among the varlables, it enables one to
effect satisfactory compromlses, A generalized chart
approaches the ultimate in correlation. A single chart
applies to all heat exchsngers of a given internal design.

In both the construction and the use of an oill-cooler
selection chart, the sltuation 1s quite different from that
for coolant rediators or for intercoolers. FIor the corre-
lation in cooclent radiators, the liquid is in turbulent flow
and 1t 1s not necessary to take lnio account the wvariation
of the physicel properties or the velocity of thoe liquid.
Only the air side need be consldered and the correlation
equations of reference 5, can be used. In oil coolers,

however, the oll flow 18 the laminar rather that the
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turbulent type and the physical properties and the velocity
of the oil in the passages mus*t be consldered.
The power chargesble to the oill-cooler installation is
the sum of the power required to pump the cooling air through
the cooler plus the power required to carry the oll cooler -
and its supports,
- Py =P, + P (1)

p
Since the power consumption 1s not the critical variable, the

woelght-carrying power will be omltted in the selection chart

and equations. This greatly simplifies the charts and re-

duces the computations. However, the welght-carrying power

will be added before the final selection 1s made.

The pressure drop for air flowlng through tubes is given

by N “:h:f‘
— R
L x 'Z-PaVaaLa/Da P -. *

2 o) Ly up¥ R
& p "'!FFI‘"J x-f'z_— C ST

.é hence, from equation (2),

p

o (2)

or,

R
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' ﬁe total thermal resistance equation 1is,

1 1 1 /1 1 )
= = + (4)
htst hasa hoso nv (Lasa h s;> )

(o}
The generelly saccented equatiops for correlating heat~

. transfer coefficients are.

“a ' .'.' w e T
S et u‘w- ;ﬁmﬂ’

Eﬂ.l?.ﬂ=ch(f.9_ﬂ_ﬁ

K, Ho

The free area of the oil passage,

A, = LyD,f,B = B £, ‘/g Lo fAa

. From equatior;s (L), (%), and (6), D m
- L 1
= 1 Dg_l*au Do o'
BgSg  n 8aclKg <ia_D.§:_. socsko WoI_)o v
Ehalq £fo3 VAgLa2/ VA,

.The heat-balance equation is,

v

H = hy 84 ATy ¢
Then from equation (7) . -
nvamTt A \Y | EL\Y
ol el WIS ¢a(w—a) + 6, _.,Z_:._a_ (8)
H o o
To arrive at the generaiized equations we define the following

generalized variables:

Ag' = Ag/Wy
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W ARARY %

n ATy v /II gy = K, ¢ . t,.
naTy P L/EY e =K P ! Jm

X, §Wa 6 P8 Py

From equation (3),

R (a)3% .

‘Prom equation (3)

= (4% + (A7

= v /A = K’l ﬂl (. L,w."

Sppeied Dkl el .
T S .';." St

. : . -
r
L

i J?ﬂ‘

Tiong ':ﬂrfm'sf':_

ﬁ,“'”;: (10)

(11)

' The ratio, of the resistance to heat flow on the oll side to

the registance. on the alr side is,

1 /h S,
l/h.,.~ a

Solving the generslized equations, R is found,
R= (817 / (8g"0Y -

A conventent variable S!' 1s defined,

2/v .2
8! =
. (A ')2 (gj) Wy Lg

(i)

';31 ns’-\x C“F“.I:;
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. In order to apply equations (9), (10), (11), (13), and
(144) to the plotting of a generalized oil-cooler selection
chart, the values of the exponents x, u, and v must be
determined. The quantities x and u are the exponents occurring

in the friction factor and heat-transfsr equations on the

alr side,

A Py <: j)
1 VgD
kx3 V2 La/Da

aa_c pvn)

In oll coolers, the cooling air generally flows through the
tubes and the oll around and across the tubes; For turbulent
flow of air through tubes, x has been given as 0.2 and u as
0.8 in reference 5.

The quantity v i1s the exponent in the equation corre-
iating the heat-transfer coefficient on the oil side,

l' /p v, D)

(o] Ho

in figure 11 are shown typlcal commercial data obtalned
on a8 1l3-inch oll cooler. From these data the heat-transfer
conductance hyS, has bsen plotted in flgure 12 as a function
of weight flow divided by the viscosity at the average oill

temperature.
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Sample calculations are given in appendix II. The heat-

transfer coefficient on the oll side h, 1s seen to vary as
the 0.5 power of Wb/po. The value for the exponent v has
tperefore been taken as 0.5 in plotting the selection chart
of figures 13(a) and 13(b). If later data are obtained that
would chanzec the value of this exponent, new charts could be
constructed Ly the same method.

Figure 1li has been plotted f'rom Nusselt's results for
eross flow (reference 6) and gives § es a function of &
for various values of n. The mean temperature difference
for both countsrflow and parallel flow 1s very nearly the same
as for cross flow. Plgure 1l may therefore be ussd in making
calculations for oll coolers baffled so that part of the oil
path corresponds to parallel flow and part corresponds to

counterflow as well as oll coolors with pure cross flow.
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APPENDIX II . .
.LCALGULATION OF THE OIL HEAT-TRANSFER COETFTFICIENT
From figure 11 the heat disslpation per 100°
temperature difference between average oil and inlet air for
a given oil flow and airflow is obtained. The three heat-
balance equations,
H =Wy 0pq A Ty e (aB)
H=W, 0ho 8 Ty "'{f«;ff  6
H=hsS, ATL o ...an
and the equations defining the thermal efficlencies,. .
n=A4T/L T (18)
E=aT /ATy I " (19)
b =8 Torrective/d T - (20

 _ “determ1ne the over-all heat-transfer coefficlent. Figure

1 may be used to cetermine ! from =n and £.
The over-all heat-transfer coefficient is related to
the heat-transfer coefficient on the oll and air sides by the
simple Ohm's law for thermal resistaance,
1/04S¢ = 1/hgSg + 1/hgS, (21) |
The heat-transfer conductance on the air side is given by, 3

Lo \O. 2 ‘
hasa = Sa cl cpa g (—D—&) (paVa 0.8 (22)
~8

(Equation (22) may be derived from equation (5) assuming
ka = 10u,) '

e, = 6.02h7




.

Cpa = O.2h Btu/lb/°F
g = 32.5 ft/scc/sec
The heat-trancfer coefflcient on the 9il =side therefore can

be calculsated. .

The value of the constant ﬁo' may then be found from the

Q/-—%——a -—15- (23)

The followlng caleulation will clorify the procedure.

relation,

The date needed for this calculation are first listed. The

dimensions of a typical 13-inch oll cooler ares

Diameter of cooler, 4nche3s cisiecscrsccssoacccsossses
Lengthof cooler, inches @ * 0 ® g 00 09 00 08 0 0000 O 0000 000

EBffesctive tube length, Inches® ..iviciivtsvessvonnns
Frcatal area cf cooler, square fool sccvecccersssvena
VOlL‘.'mE), C‘Jb._:.c fOUt ©6 s 000 s 00 0es 0 e 8Os ce 00 s 00000000y
IR T iGE I TRNEE 4 yisi e s sine 6is sl e e o et el bliniel e e e len a0 al e foRaTE
Outs;de Qin].(‘l.p.l. ﬁ.a. uubes’ in(‘.h o8 00 000 0 000 000 00 o 0o
Insidc tub&j C; lAAtt(. » ivl"'l o e 0 009 8 00000 000008 0 0t 00
Distance acruss fiats cf hexegonal endg, inch ...ese
Total open Ffroatel area, squere oot ceecesicrtovens
Total ccoiing suwrfare, syuare feet coeeiversecvecsnns

A B

e o
¢ ~J NN A \O N
AN 'O ONGRD N0 PO\

O000 OO0
OO IS POWN OO

ONe °

8There is a %-1nch langth of hexagonal tubing at each enhd of
the 8%-inch length of core tubing. The fin effectiveness
of the hexagonnl length 1s assured to be 50 percent.

From figure 11, the heot dissination of this cooler for
an oil flow of L5 pounds per minute and_ an alr flow of 250
pounds per minute is 1610 Btu per minute per 100°F temperature

difference between average oll and 1nlet alr terperature.




———————— S

.

The inlet oil temperature ls 225°F and the inlet alr 1s
100°F. The arithmetic average of the oll tempersture is
Ty = Tyo - & To/2

The total heat dissipsated is
H, =H, (T - Ty o) /100
From equation (15),
‘ Hp (T1o - 8 To/2 - Ty q) /100 = W, cpo & T
solving for A T,,
A T, = 65.9°F
The temperatﬁre difference betweén inlet 01l and inlet alr
1s 225° - 100° = 125°F
g = 0.527
n = 0.197
From figure 1l,
{ = 0.60
From eguation (17),
1/h 5, = z.0L
From equation (22),
1/hgaSe= 2.00
Equation (21) then glves.

1/h.S, = 1.0k
v

The value of ; may be read from Ifigure TS
0

v
Ho

‘o

=.1,2h




R

Therefore, substituting in equation (23),
Fo' = 0.94

Before presenting an illustrative example, it 1s deslir-

able to introduce the curves of figures 15, 16, and 17.

-

14,02 )
Figure 15 shows 522_ as a function of aversage air tempera=-
Py

ture and pressure. The quantity ﬂl is glven by the product
p‘0.2

of aa and & constant ﬁl'; determined by the tube diameter
P
a

Dy and the free area ratlo fa' Table I 1lists the valuss

of ¢i' for various comuercial -tube sizes.

1.0.8
In figure 16, ;B- 1s shown as a function of averags
X

o
alr teuperature. The quantity ﬂa 1s given by the product

0.8

of %a—— and a constant g, '; which is determined by the tube
a

diameter and the free area rst.o. Table I 1lists the values

of ¢a' for various commercial=-tube sizes.

a0:5
In figure 17, %ﬂ—- 18 shown as a function of average
o
0ll temperature. The quantity ﬂo 1s given by the product

4 0.5

of %Q_ﬁ and a constant ¢6'; which 1s determined by tube
0

diameter, free ares ratlo,ané the baffling design. The

constant @, ' may readily be determined from experimentsal

data by the method given in gppendix II.
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APPTINDIX IIT
ILTUSTRATIVE EXAWPLE

For a given internal design the selectiion of an oil
cooler to dlssinate a given amount qﬁ heat Involves a choice
among the following paramsters: 4,, Lo, Wy, Ws, 4 Dgs and
R or Tye For a glven heat disslpation, the selection of
three of these vearlables ccmisletely cetermines a cooler
which will dlssipate thls rejulred amount of hesat, The
engine manufacturer specifies the welght flow of oll, Wj.

011 coolers ars commorly mede in only 9-and 12-inzh tube

lengths. The 9-inch 1s ususlly found superior to the

12-inch in frcezing tendencizs, while the 12-inch may dis-
slnate more heat for the same frontal area. Coolers may

be selected for both S=and 12-inch lengths and comnarisons
madse, Thus, for a given length end a spcecified weight flow
of oll, only one of the remaining variables may be chosen to
completely determine the cooler,

The selectlon of pressure droo, & pg tased on the pres-
sure drop available, may not glve a cooler with satisfactory
congealling tendencles while the selectlion of a low value of
the tube-wall temperature may require a cooler too large for
the space avallable. Therefore, it 1s found desirable to
select several coolers and arrange the values graphically so

a satlsfactory compromise may te made.
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The selection chart and equations have been arranged in
a convenient form. Lk selection of a value of welght flow
of air W, quickly determines all the remaining varisbles.
Several veluss of V, may be selected and the other Yari-

ables plotted cgalnst welght flow of alr as in flgure k.

The simplicity of such a chart imuediately becomes apparent.

An oil cooler may now be selected, the compromise mcde with
due regard to all the varlables.

An 01l cooler wili now be calculated for seca-level
operation with alr at 60°r, The oil cooler 1s assumed to
have the same geometrical arrangement, tube dlameter, and
the same internal baffle spacing as the 13-inch oil cooler
described In apnendix TI. The design conditicns ars gi§en

in the following selzctlon formws.
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Selection Form I

(For all oil cooleré)

.quantity . 5 ~S&ymbol

Alrplane veloclity

Drag-11ift ratio

Welght factor

Duct efficlency

£1t2 tude

Pressure at altltude

Impact pressure

Inlet alr pressure

Estimated pressure drop

¥Yean pressure

Temperature at altitude

Adlabatic temperature ricse

' Coollng alr inlet temperature

Welght flow of oll

Inlet o0il temperature

Heut dissipation

011 temperature 4rop

Average oll temmerature

Inlet temperature difference

011 temperature drop
Inlct temperaturc diflerence
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0il- Cooler Selection Form 2

Estimated welght flow of ailr | W, __3:"_;:10 L e

Alr temperature rise - . f:-' 50 °;

Average rir temperature : 1792

Alr temperature rise ; 6-l99-~ 534
| Inlet temperature dIffcrence |~ " ~ 7 o YIS

From f£igurs 1) at'nand & R i
2 | 8.22 %103}
1.926 “glé/phgx 10°3 : e o ':','15585;‘T f':
From figure 16 at-T, S S - T41 0 R Sk e AR
3):60- i"'ao'é/ka : PR | R B s
From flgure 17 at T - : y 1;28 x“xoi':
0.93 Féls/kd 10 S : 11.95

Bl i 10,0283
H @) #a rres

e <o
915

7, " 5

From figure 15(a) szt 3

and ™
g 804 T

by Doy
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011-Cooler Selectloa Form 3

Akt the Intersection of the L,' and &' curves on the
generalized seclection’ chart £he values of the remaining
generalized variables are read.

vValue of :
Generalized|generalized| Constant |[Value of |Verlable} Value .of
variable variable constant variable

B, 50.0 x, ¢ 5% | 10.0 5.0 hp

Ay 0.1747  |1/w, 0.10 : 1.75 £t©

4 2, 50.0 K, We/Pa €] 2.23 py |22.Lw/m
R 0.517 0.517

A, Tg = 1.23 £t7
£ 88 Bl 1%
= (CD/C,)Vo W/550 = 9,3 hp (Constant wing loading)

+ P, = 14.%2 np

=P D i

w
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peEeAtle, Dl x¢ D pitch

0.323 0.279

2.296 0. 256
0.272 0.2%6
0

.250 0.217
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Figure 1l.- Temperature gradient for oil to air heat transfer.
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© 13" o1l cooler A

7 +268%,323%9" Tubes

{ 011 Inlet Tempersturs 2259F

| Alr flow 3.88 1v/sec

15 0113 AN 9532 Grade 1120
i (K B 4] ] T it

-..'. EE F3REE 1) RN

T IO T T T TR b e S ¢ B

2.~ Oongealing tests of 13% oil oooler A, J

1 1&" 0il cooler B
«268%/323%9" Tubes
011 Inlet Temperature 225°F -
Alr flow 233 lb/min
011 flow 60 1v/min

el T

M1y

w-

Total Heat Dissipation

BNBEE s CEY
3
011 Pressure Drop, 19/3q in.

4

Beat Dissipation, Btu/sec ;

i T

1 =
|

Lah | |3l [of [ed

+— Inlet Alr Temperature, OF —
FETTTANTIE S e i |

Figure 3.- Congealing tests of 13" oill cooler B.
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Fiit
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b

T
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1

sure Drop, 1b/3q 1n."'

Heht Dissipation, Btu/mi
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A )
iR
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| 011 Pres

L

2
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- = Weight flow of air, 1b/min A 150 3t R IR R
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i = Figure 4.~ Oongealing teste of 13*
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Pigure 16.- The quantity, u3*® as a function of T
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